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Abstract 
To evaluate the seasonal and diurnal variations of surface urban heat island (SURI) according to the 
geographic locations, we used the land surface temperature (LST) derived from MTSAT-lR data. We developed 
split-window type LST retrieval algorithm to estimate the LST over East Asian region from MTSAT-lR data. The 
coefficients of split-window algorithm were obtained by means of a statistical regression analysis from the 
radiative transfer simulations using MODTRAN 4.0 for wide range of atmospheric profiles, satelite zenith angle 
and lapse rate conditions including the surface inversions. The accuracy of the LST retrieval algorithm has been 
evaluated with the MODIS LST data. The discrimination between urban and rural area is performed using 
normalized vegetation difference index (NDVI) and land cover map. The seasonal and diurnal variations of SURI 
are assessed according to the geographic location, season, and NDVI. Preliminary results over South Korea 
showed that SURI is generally greater during summer and day time than during other seasons and night time. And 
the seasonal and diurnal variations of SURI are found only at day time and during summer without regard to the 
urban size and geographic location, respectively. 
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1. Introduction 
Urban heat island (UHi) is one of the most well 
known forms of anthropogenic climate modification. 
Modification of land-cover and artificial addition of 
heat in urban areas can cause the local air and 
surface temperatures to rise several degrees higher 
than the simultaneous temperatures of the 
surrounding rural areas. So the UHi (Surface UHi) 
is defined by air (surface) temperature difference 
between urban area and surrounding rural area. As 
in the UHi, SUHI is the combined results of various 
factors and affected by many conditions, such as the 
population number, city function, environment and 
weather conditions. In general, it is one of the most 
difficult surface variables to observe due to the 
strong spatio-temporal variations. 
Therefore, numerous works have been made to 
retrieve the LST from the satelite data, especially 
polar orbit satellite (NOAA/AVHRR, Terra/MODIS, 
Landsat/TM (e.g., Kerr et al., 1992; Ulivieri et al., 
1994; Wan and Dozier, 1996). In recent years, many 
works on the UHI (or SUHI) have been performed 
using these polar orbit satelite data (e.g., Hung et 
al., 2006). Reviews on the thermal remote sensing 
of urban climates are well documented in Voogta 
and Oke (2003). 
And the quality of geostationary satelite (e.g., 
MSG/SEVIRI, MTSAT-lR) has been greatly 
improved recently (e.g., quantization: 8 bits -+ 10 
bits, spatial resolution: 5-10 km a+ 4 km, 
observation frequency: 1 H a+-15 min, navigation 
accuracy, SNR). As a result, the quality of LST 
retrieved from geostationary satellite data, such as 
MSG/SEVIRI, has been significantly improved. As 
in the MODIS LST group, the LST over Africa and 
Europe retrieved operationally by the EUMETSAT 
LSA SAF (Land Surface Analysis Science 
Application Facility). So, temporal variations of 
SUHI using the LST derived from geostationary 
meteorological satelite data can be possible. 
The goal of this study is to investigate the 
temporal variations of SURI over East Asia using 
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the LST retrieved from MTSAT-lR. For this goal, 
we have developed split-window type LST retrieval 
algorithm using the simulated data and validated 
with MODIS LST 
2. Methods 
The radiances of infrared bands measured by the 
satellite sensor are mainly affected by surface 
conditions (e.g., emissivity, LST), atmospheric 
conditions (water vapor, aerosol) and target-sensor 
geometry. We developed split-window type LST 
retrieval algorithm to estimate the LST over East 
Asian region from MTSAT-1 R data. Fig. 1 shows a 
flow chart of this study. The coefficients of 
split-window algorithm were obtained by means of a 
statistical regression analysis from the radiative 
transfer simulations using MODTRAN 4.0 for wide 
range of atmospheric profiles, satellite zenith angle 
and lapse rate conditions including the surface 
inversions. Because match-up data base of the 
observed LST for the LST retrieval algorithm is not 
available in this region. The detailed conditions used 
in the RTM simulations are as follows: 
ｷRTM: MODTRAN 4 
ｷAtmospheric profiles: ill TIGR data (see Fig. 
2) 
ｷLST = Ta -6K~Ta+ 14K (/J.t = 2K.) 
ｷSZA: O.~60. (/J.8 = 5.) 
ｷBand emissivity 
- IRl: 0.9576~0.9890 (• ｣: 0.00314) 
- IR2: IRl-3/J.s~IRl + 3/J.s(7steps), 
!J.｣= 0.004525 
To derive the spectral emissivity over East Asian 
region, vegetation cover method (VCM, Caselles et 
al., 1997) is used. The effective emissivity of each 
channel is defined as the sum of the components 
from the vegetated area and the remaining ground 
area within pixel. 
｣i = Ei,g X (l-FVC) + Ei,v X FVC 
Where, Ei,g, and Ei,v, are the vegetation and 
ground emissivity corresponding to the land cover 
types. Emissivities of vegetation and ground 
according to the land cover types were obtained 
from Peres and Dacamara (2002). FVC is the 
fraction of vegetation and calculated using the 
normalized difference vegetation index (NDVI). 
FVC= 
NDVI-NDVI mm 
NDVI -NDVI max mm 
NDVImax and NDVImin are the NOVI when the 
pixel is completely covered with vegetation and 
ground, respectively. 
Cloud is a critical obstacle in retrieving the 
surface parameters using satellite data. In this study, 
the least clouded scenes of MTSAT-1 R were 
selected through a visual inspection using visible 
and infrared imagery. 
3. Results 
The LST retrieval equation has been derived. 
LST = -1.5418+1.00333T1Rl +2.78769~T+1 
0.3 I 635~T2 + 1.1552(sec 0 -I)+ 89 .9499(1-&) 
To validate the LST estimated in this study, 
collocated MODIS LST is used. Fig. 3 shows the 
spatial distribution LST derived from MODIS, 
MTSAT-1 R and their differences for the day and 
night time. And the validation results are shown in 
Table 1 for the 4 selected cases. The LST estimated 
in this study is very similar to the MODIS LST, 
especially at night time. In general, the LST 
algorithm overestimates and underestimates the LST 
during day time and night time, respectively. 
However, the correlation coefficients, bias and 
RMSE showed that the LST retrieval algorithm 
developed in this study can be used for the LS T 
retrieval in this region. 
Fig. 4 shows a spatial distribution of LST over 
South Korea derived from MTSAT-1 R at the 
daytime in summer and autumn cases. The LST 
over the urban area, especially for the large cities 
such as Seoul, Daegu, and Busan, is much higher 
than that over the surrounding rural areas. 
Diurnal variation of SURI in Seoul according to 
the season is shown in Fig. 5. Unlike the UHI, the 
diurnal variation is only significant with strong 
maximum at noon time during summer. However, 
the SURI is very consistent with time during other 
seasons although their magnitudes are slightly 
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different. The magnitude of SUHI are ranged from 0 
to 15 C and clearly affected by the season and time, 
urban size, geographic locations and weather 
conditions. The patterns of diurnal variation of 
SUHI over other cities are very similar (not shown). 
SUHI shows a different seasonal variation 
according to the day and night (Fig. 6). In general, 
the seasonal variation of SUHI at daytime is much 
greater than that of nighttime without regard to the 
urban size and geographic location. The strong 
SUHI during summer is related with the two factors: 
One is the small thermal heat capacity and less 
available soil moisture of urban surface due to the 
paved surface, and the other is strong solar heating 
during daytime in this region. 
4. Summary 
In this study, temporal variations of SUHI over 
East Asia have been examined using the LST 
retrieved from MTSAT-lR. For the analysis of 
SUHI, LST retrieval algorithm have been developed 
using the synthetic data derived from radiative 
transfer simulations using MODTRAN 4.0 and 
TIGR data. The quality of LST derived from 
MTSAT-lR comparable to the MODIS LST 
regardless of the day and night. 
Although MTSAT-1 R has a relatively low spatial 
resolution (4 -km) compared to the MOD IS or 
AVHRR, it can detect SUHI and its spatio-temporal 
variations. The magnitude of SUHI are ranged from 
0 to 15 C and clearly affected by the season and 
time, urban size, geographic locations and weather 
conditions. The selected cases showed that seasonal 
variation of SUHI is found only at day time with 
maximum during summer. And diurnal variation is 
most significant during summer with the maximum 
at noon but no distinct diurnal variation is found 
during other seasons. The spatial magnitude of 
SUHI is greater at inland area than coastal area. 
More works should be performed to assess the 
temporal variations of SUHI quantitatively under 
the various weather conditions using satellite data 
and ground data with the precise cloud masking 
algorithm. 
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Fig. 1. Flow chart of LST retrieval and SUHI analysis. 
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Fig. 2. Spatial distribution of TIGR data used in this 
study 
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Fig. 3. Spatial distribution of LST derived from 
MODIS, MTSAT-lR and their differences for the day 
and night time. 
Table 1. Validation results of LST estimated from 
MTSAT-1 R data for the 4 selected cases. 
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Fig. 4. Spatial distribution of LST estimated from 
MTSAT-lR during summer (left: 0400UTC 1 June 
2006) and autumn (right: 0400UTC 06 October 2006) 
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Fig. 5. Diurnal variation of SUHI in Seoul according to 
the season. 
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Fig. 6. Seasonal variation of SUHI at daytime for the 
selected major cities over South Korea. 
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